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The acrosome and its role in mammalian fertilization remain a bit of an enigma [1, 2] . For example, for many years it was thought that a major protein component of the acrosome, proacrosin, was a trypsinlike serine protease that promotes sperm transit through the zona pellucida (ZP) by limited hydrolysis of ZP proteins. But then it was discovered that acrosin-null mouse sperm were still able to penetrate the ZP, and that acrosin promotes release of acrosomal proteins during exocytosis [3] . The search for sperm surface receptors and adhesion proteins for the ZP has on several occasions identified acrosomal matrix proteins that were not expected to be involved in early sperm-ZP binding events [1, 2] . Even long-held assumptions about the timing of the acrosome reaction in sperm-ZP interactions have been challenged by numerous studies, such as that by Jin et al. [4] , who used livecell imaging of sperm with acrosomes containing GFP to show that acrosome-reacted sperm frequently penetrate the ZP and fertilize the egg. Furthermore, they found that many acrosome-intact sperm bound to the ZP do not undergo acrosomal exocytosis. These and other dogma-shattering findings have not only turned the field on its ear, but they have also produced an opportunity for new ways of thinking that will produce a model that is closer to reality. To be sure, what is emerging is a better understanding of how acrosomal proteins are packaged into the acrosome, how they interact with each other and with the ZP, and how they are released during acrosomal exocytosis. Indeed, far from being a bag of enzymes, the acrosome is a highly organized organelle that contains proteins that are carefully packaged into place during spermiogenesis and then are released in a controlled manner during acrosomal exocytosis. Complex protein packaging and regulation processes are necessary in sperm because gene expression ceases in spermatogenic cells shortly after meiosis is completed, and sperm must undergo additional events in the epididymis and in the female reproductive tract (e.g., maturation, capacitation, and acrosomal exocytosis).
This month in Biology of Reproduction, Kanemori et al.
[5] make a significant contribution to our understanding of the acrosome with their discovery of a new alternative splice variant of the acrosin-binding protein (Acrbp) gene. This lab has previously shown that the wild-type mature ACRBP protein, ACRBP-C, regulates the autoconversion of proacrosin to intermediate forms in boar and mouse sperm [6, 7] . In the current study the authors show that the variant Acrbp-V5 mRNA and protein are only expressed in spermatogenic cells and suggest that this protein has a function in acrosomal protein packaging, particularly for acrosin. Thus, products of the Acrbp gene serve a dual role in the acrosome: one in packaging and assembly of the acrosomal matrix in spermatogenesis, and the other in disassembling the acrosomal matrix during fertilization (Fig. 1 ). How do these findings fit into the big picture?
Expression Patterns of ACRBP-W and ACRBP-V5
The wild-type Acrbp-W originally described by Baba et al. [7] and the Acrbp-V5 mRNA described in the current paper are both expressed during the early premeiotic (pachytene spermatocyte) stage as well as postmeiotic stages of spermiogenesis (round and elongating spermatids), but the newly described variant Acrbp-V5 mRNA is actually expressed at much higher levels than the Acrbp-W message. The ACRBP-W protein appears to be immediately processed into the mature form consisting of the C-terminal half of the protein (ACRBP-C), and it persists throughout the acrosome in epididymal sperm (Fig. 1) . On the other hand, the ACRBP-V5 protein is present almost exclusively in early to mid spermatogenesis (pachytene spermatocytes to round spermatids) and is found at negligible levels during later stages.
ACRBP Protein Processing and PC4SK
In their recent analysis of a knockout mouse lacking the proprotein convertase PC4SK, Tardif et al. [8] found that ACRBP processing occurred downstream of PCSK4. ACRBP-W does not contain a canonical PCSK4 cleavage site, so processing to ACRBP-C is presumably due to another protease, unidentified as of yet (Fig. 1) . ACRBP-V5, on the other hand, does contain a potential, although not optimal, PCSK4 cleavage site in the additional alternatively spliced intron 5 sequence, so it may be a direct substrate of PC4SK. This might account for the smaller 43-kDa form present in the 48/43-kDa ACRBP-V5 doublet seen in Western blots by Kanemori et al. [5] . In either case, improper processing of ACRBP downstream of PCSK4 is correlated with improper acrosomal protein packaging during spermatogenesis (acrosomal proteins are not properly distributed throughout the acrosome in round spermatids), defects in acrosome morphology in mature sperm, and altered sperm function [8, 9] . It is also worth noting that the ZP-binding protein ZP3R is another acrosomal protein that appears to be affected by the PSCK4 processing enzyme, but the nature of this relationship is not yet clear [8] . 
ACRBP and Proacrosin Trafficking and Regulation
During fertilization ACRBP-C appears to be the key regulator for autocatalytic conversion of proacrosin into intermediate forms, and ultimately to active acrosin [7] ; Kanemori et al. [5] have more clearly defined these processing events. How acrosin autoactivation is triggered by ACRBP-C is not clear, but phosphorylation of ACRBP during capacitation is likely to be an important preparatory event [10, 11] . ACRBP-V5 contains two binding sites for proacrosin, and the two proteins colocalize in the acrosomal granule of round spermatids, so it has been proposed that the V5 variant may be involved in trafficking of proacrosin into the acrosome during spermiogenesis (Fig. 1) . In acrosin-null mice ACRBP-V5 has the same localization pattern as in wild-type controls, so ACRBP-V5 packaging into the acrosomal matrix is independent of proacrosin. In PCSK4-null mice, sperm show a somewhat misshapen acrosomal morphology and an altered, more restricted distribution of ACRBP [8] . The role of ACRBP in proacrosin packaging in the acrosome would be clarified if the localization of proacrosin were to be determined in spermatogenic cells and sperm from ACRBP-null mice (when they are developed) and PC4SK-null mice (which exist).
ACRBP, Acrosin, and Acrosomal Matrix Disassembly
The wild-type ACRBP-C protein is present throughout spermatogenesis and persists in mature sperm; it is involved in regulating acrosin during exocytosis. Once acrosin is activated during acrosomal exocytosis the acrosomal contents are dispersed, but without acrosin activation the acrosomal contents disperse more slowly [3] . Thus, it is clear that ACRBP is an important regulator of proteolytic processing events during acrosomal matrix disassembly (Fig. 1) . Generally, our understanding of the acrosomal matrix is better in species with larger acrosomes, such as guinea pig and hamster, but recent studies shed light on species with smaller acrosomes, such as mice [8] . Further useful insights into the acrosomal matrix and its disassembly during acrosomal exocytosis are found in the guinea pig model. The guinea pig acrosomal matrix can be isolated as a huge macromolecular complex [12] , and the major components include some of the proteins we have discussed here: proacrosin, sp32/proacrosin-binding protein (the ortholog of Acrbp), AM67 (ortholog of zp3r/ sp56), and AM50 (neuronal pentraxin II or NPII). All of these proteins except AM50/NPII have been identified in the mouse acrosome (reviewed in Buffone et al. [2] ), and although not much is known about ACRBP in this model, the downstream activation of acrosin during exocytosis results in disassembly of the acrosomal matrix, differential release of its proteins, and processing of AM50 at a canonical acrosin cleavage site [2, [13] [14] [15] . ACRBP likely regulates similar processes in mouse sperm. Future studies should reveal those details.
These studies by Kanemori et al. [5] show that products of the Acrbp gene have important roles in several complicated processes in reproduction, including packaging of acrosomal matrix proteins during spermatogenesis and the release of those proteins during acrosomal exocytosis. Although proacrosin has been a major focus of research for a long time, its ''little brother,'' ACRBP, is now taking the role of a major player in the field. , which play key roles in several protein-protein interactions and proteolytic processing events in spermatogenic cells and in spermatozoa during acrosomal exocytosis. ACRBP-V5 is expressed in spermatogenic cells, and it is posttranslationally processed by the proprotein convertase PC4SK at a specific cleavage site or, alternatively, by an unknown protease. ACRBP-V5 binds proacrosin at multiple binding sites and appears to have a role in packaging proacrosin into the acrosomal matrix. ACRBP-W is also expressed in spermatogenic cells, and immediately upon translation the protein is processed into the mature form of ACRBP-C by an unknown protease that is downstream of the proprotein convertase PC4SK. The ACRBP-C protein consists of the C-terminal half of ACRBP-W (dark gray shading), binds proacrosin at multiple sites, and persists in mature spermatozoa. In spermatozoa, ACRBP-C is phosphorylated during capacitation, which likely serves as a preparatory step for autoactivation of proacrosin to acrosin during acrosomal exocytosis, and this ultimately leads to the disassembly of the acrosomal matrix. 
